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THE APPLE TRUMPET LEAFMINER
( Tischeria Malifoliella C lem .)*
By E. W. l ) r x x a m
The tru m p e t apple leafm iner, Tischeria malifoliella Clem., 
is a small moth, the larva of which constructs a mine or cell 
beneath the up p er epiderm is of the leaf. The characteristic  
trum pet-shaped  appearance of the larval m ine has given th is  
insect its common name.
I t  feeds upon different species of M alm ,  includ ing  a ll v a ri­
eties of apple, and  also Crataegus or w ild haw, and  w ith  its 
increase as a pest becomes a serious menace to profitable apple 
production. In  severe cases of infestation , the leaf may sup­
po rt as m any as 6 8  larvae, the  feeding tunnels of which combine 
in one large irreg u la r blotch mine involving and k illing  a large 
portion  of the leaf or even the en tire  leaf. D efoliation may 
then result, followed by prem ature, undersized f ru it  and  a les­
sened v ita lity  of the tree.
There were th ree complete generations of th is  insect at 
Ames, Iowa in 1922 and doubtless th is  represents the usual num ­
ber fo r th is section. The w in ter is passed in the fu ll grown 
larval stage in the mines in  the fallen leaves. O verw intering 
larvae pupate  in M arch and  early  in A p ril and  transfo rm  into 
m oths in May. The first brood m oths lay the ir eggs singly on 
the u p p er surface of the leaves in  late May and early  Ju n e . 
The ca te rp illa rs  hatch ing  from  these eggs develop into m oths of 
the second brood in J u ly  and a th ird  generation of adu lts  is p ro ­
duced in late A ugust and early  Septem ber. The offspring of these 
m atu re  before the leaves drop, bu t do not pupate  u n til the  fol­
lowing spring. There is more or less overlapping of the three 
broods (fig. 1 ) and th ru o u t the sum m er all stages m ay be found.
In  severe cases special rem edial m easures are necessary. A 
spray  of nicotine su lfate  a t the ra te  of one p in t to 1 0 0  gallons 
of soapy w ater is effective. This should be applied  in Ju ly , 
when most of the second brood moths are flying and ovipositing 
on the leaves, and should be supplem ented in the  fall by rak ing  
and b u rn in g  all fallen leaves. O rd inarily  the usual sp ray  
schedule fo r apples, together w ith  the n a tu ra l enemies, keep 
th is pest in  check.
HISTORICAL
The apple leafm iner was orig inally  described in 1860 by Dr. 
B lackenridge Clemens as Tischeria malifoliella. Since then  it
*N ote:— O rder Lepidoptera : Fam ily Tineidae.
A cknowledgm ent: The w rite r is indebted to D r. F . A. Fenton  fo r help in the 
p repara tion  of this bulletin . H e also wishes to acknowledge his g ra titu d e  to D r. L. 
O. H ow ard, chief of the B u reau  of Entomology, W ashington, D. C., to whom the 
tree  cricket and  parasites  w ere sent for iden tification ; to M essrs. A. N. Caudell, 
S. A. Rohw er. L. H . Weld, and  A. B. G ahan, all of the above bureau , fo r iden tify ­
ing specimens.
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Fig. 1. D iagram m atic life history  chart of T. malifolielht showing also the average 
tem pera tu re  and hum idity  for the season of 1922 at Ames, Iow a.
has received frequen t m ention in entomological lite ra tu re , altho 
it was not reported  as a serious pest u n til recently, when it 
a ttrac ted  considerable a tten tion  in the Xew E ng land  and M iddle 
A tlan tic  states. A pparen tly  it is an A m erican species* and the 
most noted outbreaks of th is pest were reported  from  M ichigan 
by Lyon (1896), who sta ted  th a t it was causing serious in ju ry  
to blackberry. O ther w riters doubt w hether this p lan t is a host 
to th is p a rticu la r species and  it is quite possible th a t Lyon was 
confusing another species w ith the tru e  apple leaf-m iner. I t  
was reported  from  C onnecticut by Ja rv is  (26) and from  D ela­
ware by H oughton (25). Q uaintance (43) gives an excellent 
account of th is insect.
D IS T R IB U T IO N
Close exam ination of the leaves of the apple trees in the 
v icin ity  of Iowa S tate College disclosed th a t th is insect is widely 
d istribu ted  and  is a common pest in the v icin ity  of Ames. The 
w rite r has not been able to find any  reference to the trum pet 
leafm iner in Iowa, bu t it has probably been present in th is 
sta te  fo r m any years. I ts  d istribu tion  is transcon tinen ta l bu t it 
is more in ju rious th ru o u t the eastern  portion  of the U nited 
States. The insect lias been recorded from  C onnecticut, Dela­
ware. M assachusetts, M ichigan, M aryland, Georgia, Nebraska,
xThis insect has been reported  in G erm any in leaves of apple trees im ported from 
Am erica. F rey  and Boel, St. E n t. Zeit., XXXIV, p. 222.
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New H am pshire, Pennsylvania, Oregon, New York, New Jersey , 
Rhode Island , V erm ont, A rkansas, K entucky, M issouri, Illinois, 
M innesota, Texas, South Carolina, V irg in ia  and O ttaw a, C an­
ada.
FOOD P L A N T S  AN D  IN JU R Y
Clemens, in  his o rig inal description, gave apple as the food 
p lan t. A dd itional hosts were listed  by Cham bers (5) as d if­
fe ren t species of haw, Crataegus; sweet-scented crab, P yrns  
Coronaria  L . ; blackberry, B ubns villosus A it.;  raspberry , R ubus  
occidentalis L . ; and  in  1875 he added Rubus canadensis L. 
A ccording to Q uaintance (43), the d istinctness of th ree species 
of leaf-m iners w orking in  the above host p lan ts  were finally 
recognized by Cham bers (10), and  more recently  by D y ar (16). 
H e believed th a t it  was best to  follow the conclusions of Cham ­
bers and  D yar and to lim it its food p lan ts to species of Crataegus 
and  Mai us because of the  absence of definite breeding work on 
o ther p lan ts, together w ith  lack of any  positive determ ination  of 
adu lts  thus secured. W ellhouse (57) gave Malus  and  Crataegus 
as the  hosts of th is  species. D uring  the past season the insect 
was found only on different varieties of apple, Malus, and  haw, 
Crataegus , and  it  is probable th a t these are the norm al food 
p lan ts.
Occasionally mines are so num erous on a leaf th a t when they 
increase in size they  combine, form ing a large blotch mine cov­
ering  the g rea te r portion  of its surface (fig. 2 a). As m any as 68 
fu ll grow n ca te rp illa rs  have been taken  by the w rite r from  a 
single leaf. In ju ry  is confined p rincipally  to the palisade p a ren ­
chym a layer of cells ju s t beneath the epiderm is of the u p p er 
surface. Leaves in  th is condition fa il to function, cu rl and 
finally  die and  d rop  off. U sually leaves located on the u p p er 
p ortion  of the  tree are more seriously in ju red . This reduction 
in leaf surface resu lts in prem ature , undersized f ru it  and the 
v ita lity  of the tree is reduced.
D E S C R I P T I O N  OF T H E  I N S E C T
The E g g :  In  outline the  fresh ly  deposited egg (p la te  I, fig. 1) is 
reg u la rly  e llip tical and sligh tly  convex above. I t  is som ewhat o f a g reen ­
ish yellow color and  sem itransparen t. The nucleus is cen trally  located 
and  occupies abou t one-third o f the  contents. The chorion is iridescent, 
and  on the th ird  or fou rth  day it  begins to fla tten  around  the  m arg in . I t  
then  g rad u ally  becomes more or less w rinkled (p la te  I I ,  fig. 1 ).
The average size o f the  egg, based on the  m easurem ent o f 75, is 0.3342 
by 0.5349 mm. The sm allest m easured was 0.3171 by 0.3322 mm., the 
la rg es t being 0.3024 by 0.5738 mm. N orm ally they  a re  placed in furrow s 
along veinlets on the  upper su rface of the leaves. There is no regu lar 
a rrangem en t and they  are  deposited more or less prom iscuously. U nder 
cage conditions a  few were la id  on the lower surface  of the  leaves b u t th is 
was perhaps a resu lt of the position of the leaves a t th e  tim e of deposi­
tion.
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The L arva:  Upon hatching the larva (plate I, fig. 2) measures slightly  
more than 0.5 mm. in length. Full grown larvae average 5 mm. in length  
and 1 mm. at their greatest width across the second or third thoracic seg­
ments. The head is brownish and the rest o f the body is ligh t green, ex­
cept the cervical and anal shields, which are of a dusky brown color. The 
head is strongly depressed, about 0.5 mm. wide, retractile and bilobed. 
The ocelli are six in number and uniform in size. The body, which is 
composed o f 12 segments, besides the head, is distinctly moniliform and 
strongly depressed as seen from above; the thoracic legs are wanting; 
abdominal segments three, four, five and six each have the prolegs repre­
sented by short transverse rows of very small crochets (plate II , figs. 2 
and 4 ).
On each side of the head there are five short setae back of the an­
tennae and several very short ones in front (plate II, fig. 5 ) . There are 
four on each side of the first thoracic segment and three on the other two. 
On each abdominal segment, except the last, there are two on each side, 
one of which is considerably longer than the other. The last segment 
bears 11 curved setae to a side, five o f which are located near the base of 
each anal pro-leg and these may be seen from above. On the dorsal sur­
face of the sixth, seventh, eighth and ninth segments, there are two double 
rows of short spinose hairs.
The P upa: The pupa (plate I, fig. 3; plate II , fig. 7) varies some­
what in size, the average of nine being 3.27 by 0.92 mm. The smallest 
one measured 3 by 0.85 111111. and the largest 3.6 by 0.95 111111. The newly 
formed pupa is o f a uniform greenish yellow color, which becomes much 
darker just before emergence. The head and thoracic regions are first 
to turn dark brown and then black. A t this time the abdomen is dark 
green but the caudal margin of each segment soon turns brown. Shortly 
before the emergence of the adult the abdominal segments become con­
siderably darker, but the}' still retain their greenish tinge. The leg  and 
wing sheaths are free, the tips o f the third pair of legs reaching to the 
anterior margin of the sixth segment. The antennal sheaths reach to or 
beyond the anterior edge of the fourth abdominal segment. The eyes vary 
in color from brown to black. The spiracles are located on slight conical 
elevations. The head bears four moderately stout setae two of which 
arise on the ventro-laterad aspect o f the head and project forward and 
outward. The other two are much shorter and are located between the 
eyes 011 the ventral surface. The meso- and metathorax each bear dorsallv 
four moderately stout setae; the anterior pair on the mesothorax is con­
siderably longer than the others. The abdomen bears a considerable num­
ber of setae. On each side o f the fourth, fifth, sixth and seventh seg­
ments, there is a rather stout seta, those 011 the first three somewhat 
curved caudad, the others nearly straight. These setae are much longer 
and are easily differentiated from the others. On the dorsal surface of 
the third, fourth, fifth and six segments, there are two double rows of 
short spinose liairs. The cremaster is present, bifurcate and divergent.
The M oth: The moth (plate I, fig. 4; plate II , fig. 9) measures about 
3 111111. in length and the alar expanse varies from 7.5 to 8 mm. Clemens 
describes it as follow s: “ Head and antennae shining dark brown; face  
ochreous; fore wings uniform, shining dark brown with a purplish tinge, 
slightly dusted with pale ochreous; cilia of the general hue. Hind wings 
dark g r a y ; cilia with a rufus tinge. ’ ’ It was noted that the moths became 
much lighter in color with age.
Tli 1 M ine: The mine (fig- 2a and b) has been so well described by 
Dr. E. A. Brunn (1883), that it seems best to quote him. “ The mine, 
commencing in a glistening spot where the egg was laid, continues for a
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short distance as a narrow line, gradually growing wider, and then sud­
denly broadening into an irregular expanded portion or ‘ body of mine, ’ 
the whole having a trumpet-shaped appearance, (plate II , fig. 12). The 
color of the mine on the upper surface is usually some shade of brown, 
although I have sometimes observed i t  to be a dirty white. From the 
under surface of the leaf the mine would hardly be observed unless held 
up towards the light or examined closely, when the mined portion of the 
lea f would be seen to be of a lighter shade of green than the rest. The 
linear portion of the mine on the upper surface is crossed by crescent- 
shaped patches o f white, which in many cases are continued for a short 
distance into the body of the mine. Often the miner, after commencing 
tlie body of the mine, will turn and eat around the linear portion, obliterat­
ing  that part and causing the mine to appear like a blotch mine. In such 
cases the white, crescent-shaped patches will be found somewhere in the 
body of the mine, indicating the position of the linear portion. These
F ig . 2 . L a rv a l  m ines o f Tiselieria malifoliella. ( a )  ty p ic a l tru m p e t-s h a p e d  m ine, 
(b )  le a f des tro y ed  by sev e ra l le a f m in e rs , (c )  b lo tch  m in es  of th i r d  b rood  la rv a e .
white markings are, however, wanting in some instances; but as the color 
o f the linear portion of the mine is a little  darker brown than the rest, we 
can still tell where the mine commenced. ’ ’
W hen the egg hatches, the larva leaves the shell by eating 
directly th ru  the lower surface and into the leaf beneath. I t 
thus is concealed at all times. The newly hatched caterpillar 
starts the mine by eating a straight channel slightly wider than 
itself. I t  only requires a few hours for the creature to tunnel 
its way out of the shell, and into the plant tissue. From  the 
beginning the mines are lined with delicate white silk. Finished 
mines vary in size and shape but the average for the first two
8
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E x p la n a t io n  to  P la te  I I .
1, E g g  w ith  th e  ch o rio n  f la tte n e d  a ro u n d  th e  m a r g in ;  2, F u ll g ro w n  la rv a  v e n t ra l  
v ie w ; 3, T ip  of ab dom en  la te r a l  v iew , g re a t ly  e n la rg e d ; 4 , A bd o m in a l p ro le g  g re a t ly  
e n la rg e d ; 5, H e a d  of la rv a  d o rsa l v iew  v e ry  m u ch  e n la rg e d ; 6, R u d im e n ta ry  a n te n n a  
of la rv a  v e ry  m u c h  e n la r g e d ; 7, P u p a  d o rsa l v ie w ; 8, T ip  of abdom en  s id e  v iew  v e ry  
m u ch  e n la rg e d ; 9, A d u lt m o th  a t  r e s t  d o rs a l v ie w ; 10 , F o re  w in g  of m o th  w ith  sca les 
a n d  f r in g e  rem oved  to  show  th e  v e n a tio n ; 11 . H in d  w in g  tr e a te d  th e  sam e.
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broods is one-half inch long by one-fourth inch wide, while those 
of the last brood are considerably larger and more irregular in 
outline. They vary somewhat in position but do not usually 
cross the larger veinlets, extending more or less with them, 
(plate II , fig. 13).
L I F E  H I S T O R Y
Life history studies on the apple leaf-miner were started in 
October, 1921. Large numbers of leaves known to contain the 
larvae were collected. P art of these were kept under screen cov­
ered eight inch lantern  globe cages in the outer insectary, while 
the rest were placed outside in screen covered box cages. The 
mines were frequently opened with a small scalpel to determine 
the time of pupation. A fter emerging, the adults were confined in 
lamp chimneys covered with cheesecloth for oviposition records. 
Two types of cages were used. Potted apple seedlings were 
placed under a table with their tops projecting up into eight 
inch lantern globes. Five small branches of apple trees were 
also placed in bottles of water to keep them fresh and these 
were used for egg deposition. Sweetened water was sprinkled 
on the leaves, or on pieces of blotting paper as food for the 
moths.
H A B IT S OF ADULTS
The moths are very inconspicuous and may be seen only upon 
close examination of the leaves. They assume a very peculiar 
position while at rest, the body being held at an acute angle with 
the surface on which it is resting. The head and thorax are ele­
vated, the first pair of legs is extended and the posterior part 
of the abdomen and wing tips touch the leaf. During the day 
they remain in this position for hours at a time. They are very 
poor flyers and seldom fly during the day and then only when 
disturbed. They are active in the evening, at night and early 
morning.
LO NG EVITY OF ADULTS
The average length of life of the females is approximately 1-1 
days, the maximum period being 22 days and the minimum five.
T ab le I . LO N U K V 1T Y O F A D U L T S
N o. d ay s  fem ales  liv ed .......... 5
1 i I 
6  | 7 | 10 i
1 ! i
11 i
:
12 j  13 15
1
16 I
!
17 i  19 | 2 0  i  22
1 1
No. of f e m a le s ............................. 1 i  i  i  i
I 1 !
I
2 1 6 ! 7 2
°
j 1 1 
1 I 2 |  2 | 2 
1 1
No. d ay s  m a les  l iv e d ............. 10
i 1 1 1 
12 ! 16 i 15 j 17 |
! 1 ! 1 1
1
18 i 19 
I
22
1
25  |
1
1 1 1 
28  | | | 
i I
No. of m a le s ................................ o
1 1 1 1 
2 1 1 I 2 |
I I I 1
1
1 1
I
1
1 ! 3i 1
1
3 1 
1
1 1 1 
11 1 i 
1 1
10
Bulletin, Vol. 18 [1923], No. 220, Art. 1
http://lib.dr.iastate.edu/bulletin/vol18/iss220/1
50
These records are based oil observation of 30 moths. On the 
other hand, the average longevity of 17 males under observation 
was a little over 18 days, the maximum 28 and the minimum 10 
days. A few adults kept in captivity without food died during 
the first day but most of them lived for two days under these 
conditions.
O VIPO SITIO X
The pre-oviposition period is usually two days, but occasion­
ally egg laying begins after 24 hours. In  a few cases, four or 
even five clays elapsed before egg laying began. The female 
lays eggs freely while in captivity. So far as could be deter­
mined the eggs were all deposited in the evening, at night or 
early morning. Newly emerged adults of both sexes were placed 
in cages containing living apple twigs and at the end of either 
one or two days the males were usually removed. W ith only 
three exceptions no eggs were deposited where males and females 
were confined together for one day. In these exceptions, eggs 
were deposited at the end of the first day. In the first instance 
both moths were freshly emerged, in the second both were one 
day old and in the th ird  the female had just issued, but the 
male was 20 days old. The moths were usually kept in pairs 
for at least two days and at the expiration of this time oviposi- 
tion was taking place freely. In a few cases, however, the males 
were left in the cages with the females until they died. This 
did not influence the total egg production and shows that ordi­
narily fertilization takes place within 48 hours after emergence 
and is complete. It was found that one male was able to fer­
tilize several females. A male moth was caged with a freshly 
emerged female for a period of 48 hours, after which it was 
transferred  to a second cage which also contained an unfertilized 
female. This operation could be repeated several times with 
one male moth and all females in this experiment laid fertile 
eggs, thus showing that polyandry occurs in this species.
The oviposition period was determined by confining females 
in a separate cage in which apple twigs were placed. The leaves 
were kept fresh by submerging the ends of the twigs in bottles 
containing water. Egg counts were made daily, and each day 
fresh apple twigs were placed in the cages to avoid re-counting 
the same eggs. The oviposition period of 30 females averaged 
nearly eight days with a minimum of four and a maximum of 
twelve days.
T ab le  I I .  O V IP O S IT IO N  P E R IO D  O F F E M A L E S
oo*A d ay s , o v ip o s itio n  p e r io d .............................
i i 
4  1 5 1
1 1 6 ! 7
8 1 9 
1
10 11 12
O o fem ales  ................................................................
1 1 
2 ! 5 ! 
i 1
1
4 1 1
1
1
4 ,  7 3 3 1
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Days 8 9 10 XI 12 13
F ig . 3 . D ia g ra m  sh o w in g  re la tio n sh ip  of m ean  te m p e ra tu re  to  le n g th  o f egg p e rio d  
o f th e  tru m p e t  le a fm in e r . T h e  b lack  s q u a re s  r e p re s e n t th e  n u m b e r  of reco rd s .
The number of eggs laid per day by 30 individuals under ob­
servation ranged from one to thirty-three. In  90 per cent of 
the cases the m ajority of the eggs were deposited during the 
early part of the life of the female. The average number laid 
by one moth was approximately 50, the maximum being 75, and 
the minimum 16.
IN C U BA TIO N  PERIO D
The incubation period of this species was determined from 
data taken from 42 hatchings in the insectary and 58 in the 
outside shelter. Under greenhouse conditions, when the tem ­
perature fluctuated from 62 to 92° Fahrenheit*, the larvae is­
sued from eight to twelve days after egg deposition. Outside, 
under more normal conditions, with the tem perature ranging 
from 61 to 89°, hatching took place in from nine to thirteen 
days (fig. 3). From  table IV it is seen that eight days is the 
incubation period at an average tem perature of 81°, and nine 
days at 77° which seems to be optimum.
T a b le  III. T O T A L  N U M B E R  O F  E G G S  L A ID  B Y  F E M A L E S
N o. of 
la id
eggs
16 29 31 32 34 42 43 44 45 46 49 50 51 55 60 61 63 67 69 72 74 75
N o. of fem ales 1 1 1 1 1 2 1 1 3 2 1 1 1 3 1 2 1 1 1 2 1 1
* N o te : A ll te m p e ra tu re s  ta k e n  in  F a h re n h e i t  re a d in g s .
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Table IV . IN C U BA T IO N  P E R IO D
No. of d ay s  i n c u b a t i o n ............................................................. 8 9
1
1 10
1
11 12 13
No. of re c o rd s  ................................................................................ 16 31
l
j 2 7
1
19 2 5
Av. te m p e ra tu re  .......................................................................... 81 77
1
I 77.1
1
78 79.7 8 1 .7
H A B IT S OP TH E LARVA
The caterpillar feeds with its dorsal side in contact with the 
upper epidermis. I t  was found that while developing it ate out 
the cells of the spongy parenchyma, exposing the lower epi­
dermis th ru  which it cut a crescent-shaped slit opening to the 
exterior, thus forming a valve (plate II , fig. 13). All the waste 
material is expelled th ru  this opening, leaving the mine neat 
and clean a t all times. As the larva grows, it cuts other open­
ings at the most convenient points in the mine.
NUM BER OP IN STAR S
Chambers (10) states that in all of the species of the genus 
Tischeria  for which he traced the life history, namely T. mali- 
foliella, T. quercivorella  and T. quercitella, there are the same 
number of moults as in the greater number of Lepidoptera, 
namely four, or five if we include the moult into the pupal 
state. He adds that there are no marked differences either in 
color or structure between the same larvae at different stages of 
their growth. Jarv is (26) states: “ The caterpillars moult, or 
change their coats five times. These coats are alike in color and 
structure, but vary in size to accommodate the growing instars. 
As the old clothes are shed they are judiciously pushed out 
through a small opening in the lower surface of the m ine.”
In  order to determine the number of instars, individual leaf 
cages were made of cork frames and cover glasses. These were 
fastened to the leaf just beneath the developing larvae, and kept 
in this position thruout the entire larval development. The 
cages were examined daily, and nothing was obtained but excre­
ment. The only method by which the w riter was able to see a 
moulted skin was by dissecting larvae from the mines and find­
ing them moulting. The cast-off skin is more or less transpar­
ent and light greenish yellow. I t  is possible that the caterpillars
T ab le  V . L E N G T H  O P  T H E  L A R V A L  P E R IO D
N u m b er of d ay s  in  la rv a l s ta g e ............................. 13 14 15 16 17
12 3 1 2 2
A v erag e  te m p e ra tu re  ................................................... 80 .9 79 .5 77 .5 78.5 78.9
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ate the east-off skins. The w riter measured head capsules of the 
larvae in order to determine the number of instars. From  272 
head measurements taken at various stages of development it 
appears that there are at least five distinct instars.
LENG TH  OF TH E LARVAL PERIOD
In  1922, at Ames, the minimum period of larval development 
was 13 days at a mean tem perature of 80.9 degrees (table V ). 
A t lower tem peratures the duration of the larval stage for the 
summer broods was increased to a maximum of 17 days.
LENG TH  OF TH E P U P A L  PERIO D
This period extended from six to twelve days and varied 
with the tem perature (fig. 4). The duration of the pupal period 
varied from six to twelve days, depending upon the mean tem­
perature (table V I). A large proportion of the moths issued 
nine days after pupation at a mean tem perature of 77.1 degrees.
TOTAL L IF E  CYCLE
The average length of life cycle is 35.32 days, table V II. This 
agrees very closely with observations of Quaintance (43) who 
gives the life cycle as 33 days but he did not include the preovi- 
position period. All the above records were secured during Ju ly  
and August, the warmest part of the summer.
81
80
-P
o 79
co
k  7 8  a,
S 77
7 5
Days
10  I I  1 2
F ig . 4. D ia g ra m  sh o w in g  re la tio n sh ip  of m ean  te m p e ra tu re  to  le n g th  o f p u p a l  
p e r io d  of th e  tru m p e t  le a fm in e r . T h e  b la ck  s q u a re s  re p re s e n t th e  n u m b e r of reco rd s .
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T ab le  V I .  L E N G T H  O F  T H E  P U P A L  P E R IO D
N u m b er of d ay s  in  p u p a t io n ..................................... 6 7 8 9 10 11 12
N u m b er of p u p a e  ........................................................... 1 1 10 33 15 5 2
A v erage te m p e ra tu re  ................................................... 80 .3 79.8 77.1 77.1 76 75 .6 75.2
T a b le  V I I .  A V E R A G E  L E N G T H  O F L IF E  C Y C L E
M ax. M in . A v. No. R eco rd s
Eggs, d ay s  ..................................................... 13 8 9 .75 100
L a rv a e , d ay s  ................................................ 17 13 13 .92 20
P u p a e , d ay s  ................................................... 12 6 9 .65 67
P reo v ip o s itio n  p e r io d  ................................ I
!
2 .00 30
1
T otal, d av s  ..................................................... (
1
35 .3 2  1 
1
S E A S O N A L  H I S T O R Y
In  1922, at Ames, there were three complete generations of 
the apple leafminer (fig. 1). Frequent examinations of leaves 
containing larvae thruout the winter proved that the insect 
hibernates in the larval stage. Pupation took place in early 
spring. The first pupa was observed March 22, and the last 
larva transformed A pril 1. Outside observations under natural 
conditions checked accordingly. The first moths emerged May 
1 , in both the insectarv and the outside cage, and all had issued 
by May 29.
Moths issuing in early May gave rise to a spring brood of 
larvae in late May and June, and by Ju ly  1 second brood adults 
were flying. The first brood continued to emerge until the la t­
ter part of July . On Ju ly  10 a few larvae of the second brood 
Mere observed and by Ju ly  20 these began to pupate. Second 
brood pupae were found until the latter part of August. A few 
moths of the th ird  brood were emerging by August 1 and con­
tinued until about September 5. The first larvae of the th ird  
or overwintering brood hatched during the middle of August 
and fed actively until the leaves were ready to drop; they then 
prepared their quarters for hibernation.
H IBER N A TIO N
The larvae of this generation are similar in habit to those of 
the preceding broods, but owing to their longer feeding period
15
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they usually make larger blotch-mines. In  contrast the summer 
brood caterpillars construct well shaped trum pet mines (fig.
mines with a dense, sib
j j jp  t h u s  g i v i n g  t h e i r  w i n t e r
S - l i on .  In these  cells in t he
''&&£■’ fallen leaves the m ature 
•' v larvae pass the winter. In 
the spring they transform  
to the pupal state. Ju s t 
' before emergence the pupa
face of the mine, follow­
ing which in  a very few 
days the moth issues leav­
ing the empty pupal shell
F ig . 5. L a rv a l  m in e  of Tischeria m alifoliella  p r o j e c t i n g  t h r o u g h  t h e  
sh o w in g  p u p a  w h ich  h a s  w o rk ed  its  w a y  o u ts id e  . n  „
p r io r  to  em ergence  of th e  m o th . U p p e r  e p i d e r m i s  ( f i g .  o ) .
N A T U R A L  E N E M I E S
The greatest controlling factors of the trum pet apple leaf- 
m iner are certain parasitic hymenopterus insects which fre­
quently parasitize the larvae or pupae. These parasites are 
often found in large numbers in one individual (fig. 6 ), and 
thus frequently become sufficiently abundant to check rapid  
m ultiplication of the leaf-miners.
A t Ithaca, N. Y., B runn (1) observed two species, S ym pies is  
l ithocolle tid is  How. and A stich u s tischeriae How., and Jarvis 
in Connecticut (26) found two other species, Closterocerus tri-  
cinctus Ashm. and S ym pies is  n igrifem ora  Ashm., which were 
parasitic upon this insect. According to Quaintance (43), Weed 
bred the former from this insect a t Champaign, 111. Quain­
tance also states th a t E lasm u s pu lla tu s  How. is doubtfully re­
corded from this species from Missouri. A t different times d u r­
ing the season 1905, at W ashington, D. C., Quaintance bred the 
following species, some of which are probably secondary para­
sites : Urogaster tischeriae  A shm .; S ym pies is  nigrifemora
16
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A sh.; H orism enus popenoei  A shm .; Closterocerus trifascia tus  
W estw .; E u loph us  sp., Zagram m osom a m u lt i l inea tu m  Ashm., 
and also a variety of the la tter species. A species, Phygadeu on  
sp., was reared and also one near, if not identical with, Cirro-  
sp ilus flavicinctus Riley.
D uring the summer of 1922, at Ames, the w riter placed leaves 
infested with T. m alifoliella  in breeding cages and the following 
parasites were secured, some of which are probably secondary: 
K le id o to m a  sp. Closterocerus tr ic inctus  A shm .; P seu d ig ly -  
p h om yia  n igrovariegata  G ir.; A pan te les  ornigis W eed; Cirro-  
spilus f lavicinctus  R iley ; P leu ro trop is  sp., H orism enus fra term is  
F itc h ; E u p e lm u s  a l lyn i i  F ren ch ; S ym pies is  massasoit Cwfd., 
and S ym pies is  b imaculata  Cwfd. According to S. A. Rohwer, 
the more im portant hosts of the foregoing parasites are as 
follows:
K leidotom a  sp.
Species o f genus usually parasitic on Diptera.
Closterocerus tricinctus Ashm.
Recorded from A grom yza pavicornis.
L ithocolletes in sycamore, Tischeria m alifoliella, Cosm opteryx P allifa- 
sciella.
P seudiglyphom yia n igrovariegata  Gir.
N o specific host record for the species but other species from such
Lepidoptera as Bucculatrix  and Coptodisca.
A panteles ornigis Weed.
Ornix gem inatella  Packard (W eed ); Lithocolletis m ariaella Chambers; 
Lithocolletis, species, (Viereek) ;
L ithocolletis propinquinells 
B raun; Tisclieria, species.
Cirrospilus flavicinctus Riley.
Records from Bucculatrix 
pom ifoliella, A spidisca  splen- 
doriferella, Tischeria m ali­
foliella.
P leurotropis sp.
The species o f this genus 
have a wide range of host 
and may be either primary 
or secondary parasites.
Horismenus fra ternus Fitch.
The species o f  this genus 
are usually secondary in  
Coleoptera or Lepidoptera.
No authentic record for the 
species.
F ig . 6. L a rv a l  m in e  b ro k en  o pen  sh o w in g  
eleven  p a r a s i t ic  p u p a e  w h ich  deve loped  from  
la rv a e  w ith in  th e  le a fm in e r  p u p a , th e  shell of 
w h ich  is  sh o w n  in  th e  ce n te r.
17
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Euprfm as aUynii French.
A common parasite of the Hessian fly and of joint worms.
Sym piesis ma^sasoit Cwfd.
Recorded from Lithocolletes hamadryclla.
Sym piesis bimaculata  Cwfd.
No host records for this species known.
Still other factors in keeping the minei's in cheek are the 
nymphs and adults of the tree cricket, Oecanthns augustipennis  
Fitch. These hungry creatures in search for food kill and de­
vour many of the larvae of this insect as well as those of other 
species of leaf miners. In  removing the larvae of O n i ix  gemina- 
te lla  Packard, a species of leafminer which mines next to the 
lower tissue of the apple leaf, the tree cricket cuts th ru  this 
lower thin tissue with its mandibles, leaving only small slits in the 
mine. Even tho Tischeria malifoliella  Clem, makes its mines 
in the upper surface of the leaf, the orthopteron usually cuts 
th ru  from the lower surface in the same manner as described.
S P R A Y I N G  E X P E R I M E N T S
W hen the miners become very abundant, as they have in cer­
tain  New England states during the past few years, the problem 
of control must be undertaken. Even tho they are frequently 
parasitized they breed up in great numbers and in some in­
stances almost defoliate the trees.
The spraying experiments described in this paper were be­
gun Ju ly  15, 1922, and were continued until the eggs were de­
posited for the last generation. These tests were carried out 
with heavily infested trees which had not been sprayed. In the 
group of trees selected, every other one was left unsprayed as a 
check.
The purpose of this series of experiments was not only to 
kill the larvae and pupae in their mines, but also to destroy the 
eggs and kill the young larvae as they started to enter the leaf. 
The sprays were applied Ju ly  21 at the time the bulk of the eggs 
of the second brood were being deposited. The following solu­
tions were used :
Lead arsenate 1 lb. to 50 gallons of water
1 Yz
“  “  1 “  “  “  “  “  “  with “ K avso”
“  “  i y 2 << “  “  “  “  “  “  “a  (( o ( ( ( ( ( (  (t ft a  11 t i
Nicotine sulfate 1 pt. to 100 gallons of water and soap 
< i (( l 1/* ‘( ( 11 ‘1 1 i 11 i i 11 
t  ( i ( 1 3/^ <c < i  < ( a  ( (  ( i  < ( ( i
A fter the applications no detailed counts Mere made to de­
termine the number of dead larvae and pupae, but general ob­
18
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servations were made from day to day. I t was noted that the 
best results were obtained from the nicotine sulfate when used 
at the ra te  of one p in t to 100 gallons of water, this acting as 
an ovicide. Solutions stronger than  this proved to be injurious 
to the foliage of the trees. Leaves were examined from the 
trees which were sprayed with the different strength lead arse­
nate solutions and occasionally a dead larva or pupa was found. 
However, as they were frequently parasitized there were not 
enough dead counted to w arrant any definite conclusion. On 
August 15, another spray was applied using the same insecti­
cides listed above and similar results were obtained.
Different writers have tried  and suggested kerosene emulsion 
and in some instances they have obtained good results, especially 
when spraying for the first generation of the season. Applica­
tions later in the year proved to be more injurious to the foliage 
than effective. According to O ’Kane and Weigel (38) nicotine 
preparations were definitely effective in Xew Hampshire, at a 
dilution of 1 to 400 with soap. Lime-sulfur 1 to 35 and 1 to 50 
also gave good control.
RECOM M ENDATIONS
Since the larvae work beneath the epidermis of the leaf there 
is no spray which is completely effective. Therefore such meas­
ures as may be employed for their suppression must be pre­
ventive as well as remedial. So fa r as possible all the fallen 
leaves should be destroyed by raking and burning in the fall. 
No miners were found in the orchard near the college which had 
been treated with the usual sprays. The ordinary fru it sprays 
usually control this insect under norm al conditions.
19
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Q. W . W allace , B .S ., M .S ., A ss is ta n t in 
A n im a l H u s b a n d ry
A. R . L am b, M .S .. C h ie f in  N u tr it io n
A. B . C aine , M .S ., C h ie f in  H o rse  I n ­
v es tig a tio n s  
P . S . S h e a re r , B .S ., C h ie f in  A n im a l
M. D . H e lse r, B .S .A ., M .S ., C h ie f in  
M eat In v e s tig a tio n
G. E . W e av e r, M .S., C h ie f in  D a iry  H u s ­
b a n d ry
J o h n  M . S h aw , A .B ., B .S ., M .S ., A sst. 
C hief
F o rd y ce  E ly , B .S ., M .S ., A sst, in  D a iry  
H u s b a n d ry
H . A. B it te n b e n d e r , B .S .A ., C h ie f in  
P o u ltry  H u s b a n d ry
R . L . C o ch ra n , B .S ., M .S ., A sst. C hief
C . W . K nox , B .S ., M .S ., A sst, in  P o u ltry  
H u s b a n d ry
B ree d in g
B A C T E R IO L O G Y
R . E . B u c h a n a n , M .S ., P h .D ., C h ief. As- B u fo rd  H . B u tc h e r , B .S ., G ra d u a te  A sst, 
so c ia te  in  D a iry  a n d  S oil B ac te rio lo g y
B O T A N Y  A N D  P L A N T  P A T H O L O G Y  
L . H . P am m el, B .A g r., M .S ., P h .D ., C h ie f J .  N . M a rtin , B .S .. P h .D ., A ss is ta n t
A. L . B ak k e . B .S ., M .S .. P h .D ., A sst. 
W m . T . H o, B .S ., M .S ., F ellow  
O . H . E lm er, B .S ., A sst.
F . Y a n H a lte rn , B .S ., F ie ld  A sst.
C. A. F . H offm an , B .S ., Fellow
C h a rlo tte  M. K ing . A ss is ta n t C hief
I .  E . M elhus, B .S ., P h .D ., C h ie f in  P la n t  
P a th o lo g y
L . W . D u rre ll ,  B .S ., M .S ., P h .D ., A sst.
C h ie f in  P la n t  P a th o lo g y
C H E M IS T R Y
W . G. G aess ler, B .S ., M .S ., A c tin g  C hie f J .  A. S chu lz , B .S ., A ss is ta n t
A. R . L am b, B .S ., M .S ., A ss is ta n t F is k  G e rh a rd t, B .S ., M .S ., A sst.
D A IR Y IN G
M . M o rten sen , B .S .A ., C hief F . F . S herw ood , M .S ., A sst. C h ie f
B . W . H am m er, P h .D ., C h ie f of D a iry  M erle  P .  B a k e r , M .S ., A ss t, in  D a iry in g  
B ac te rio lo g y
E N T O M O L O G Y
R . L . P a rk e r ,  B .S ., M .S ., A sst. C h ie f in  
A p ic u ltu re  
L . L. E n g lish , B .S ., A sst.
A N D  F O R E S T R Y  
H . H . P lag g e , B .S ., A sst, in  Pom ology
C a rl J .  D ra k e , B .S c ., B .P e d ., M .A.,
P h .D .. C h ie f in  E n tom ology
B . B . F u lto n , B .A ., M .S ., A sst. E n ­
tom olog ist
H O R T IC U L T U R E
B . S. P ic k e tt ,  B .S ., M .S ., C hief 
P . H . E lw ood , J r . ,  B .S .A ., C h ie f in  
L a n d sc a p e  A rc h ite c tu re  
T. J .  M aney , B .S ., C h ie f in  P om ology 
H a rv e y  L . L a n tz , B . S ., M .S ., A sst. C hief
R U R A L  S O C IO L O G Y
G. H . Y on  T u n g e ln , P h .B ., M .A ., C h ie f J .  F . T n a d e n , B .S ., M .S ., A sst.
B U L L E T IN  S E C T IO N  
F . W . B eck m an , P h .B ., B u lle tin  E d ito r  O live S a n d fo rd  A lcox, A sst
E d ito r
P H O T O G R A P H IC  S E C T IO N  
E . H . R ic h a rd so n , P h o to g ra p h e r  E . L . D e a r in g , A ss t. P h o to g ra p h e r
A. T . E rw in , B .S ., M .S ., C hief in  T ru c k  
C rops
G. B . M acD o n ald , B .S .F ., M .F ., C h ie f in  
F o re s try
B u lle tin
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